plating solution (PT-260, NE-CHEMCAT Company, Tokyo) 18. The Au hole array was fabricated by electrochemical deposition of Au into the mcrocavity of the negative type of PMMA with an electroplating solution (ECF-60, NE-CHEMCAT) under the constant current condition of 4 mA ~m -ãt 22°C. The mother anod~c aluminawas formed at f 7"Cfor 7 hours, the duration of the dipp~ng treatment n phosphoric acd being 90 m n .The hole depth was 3 pm. Although the defectfree doman sze of the Au hole array is smaller than that of Pt hole array and had some distortion in regularity caused by the internal stress n the electrochemically deposited Au, the pore dameter and the Intervalof the Au hole array were almost the same as the values for the Pt hole array shown in Fig. 2 Long-period surface-wave (R,, GI), body-wave (S, SS, SSS), and ScS-reverberation data have been inverted to obtain anisotropic structures along seismic corridors that sample Australia and the western Pacific. These models support the proposal that the Lehmann discontinuity beneath stable continents represents a transition from an anisotropic lithosphere to a more isotropic material in the lower part of the continental tectosphere.
Lehmann (1) suggested that the behavior of refracted arrivals from North Amer~ca and Europe at ep~central d~stances between 10" and 20" could be modeled by an increase in P-wave and S-wave speeds at a sharp lower boundary of the asthenospheric low-velocity zone (LVZ). Subsequent researchers argued that this Lehmann discontinuity (L) occurs globally at an average depth near 220 km (2, 3) , and Dziewonsk~ they proposed an alternative model in which L marks the transition from an anisotropic mechanical boundary layer (MBL) to a more isotropic region below the MBL (Fig. 1B) . O n the basis of the apparent deepening of L toward the center of the western Australian craton, they speculated that this transition occurs at a critical temperature (near 1200°C) for the annealing of aligned textures in peridotites. They also pointed out that this horizon must be an internal feature of the continental thermal boundary layer, or tectosphere, whose th~cknessbe-neath cratons has been estimated to exceed 300 km (9).
Karato (10) accepted Revenaugh and
Jordan's explanation of L as the rapld downward extinction of anisotropy, but he rejected their inference that such a feature could be maintained in a region with a low deformation rate internal to the tectosphere. Instead, he proposed that L represents the transition from dislocation-controlled creep to diffusion-controlled creep in an actively deforming asthenosphere beneath the con- (2) suggestion that the tectospheric thicknesses obtained by Jordan (9) could be biased to high values as the result of anisotropic effects. The models we have used to test these hypotheses were derived from seismic waves propagating within two corridors, one continental and one oceanic, chosen to minimize along-path heterogeneities arising from tectonic complications. The first is an Australian path, connecting earthquakes in the New Britain-New Guinea convergence zone with station NWAO, largely sampling the Phanerozoic platforms and Precambrian cratons of the Australian continent. The second is a Pacific path (1 J), connecting earthquakes in the Tonga-Fiji seismic zone with stations in Hawaii, traversing oceanic lithosphere with an average age of about 100 million years. The reflectivity structures for the two corridors are quite different (12) . W e constrained the seismic velocities and their gradients by frequency-dependent travel times of turning (S, SS, and SSS) and surface (R, and G, ) seismic phases measuredfrom three-component, long-period seismograms, using the isolation-filter techniaues of Gee and lordan (13) . For the . .
Australian corridor, we obtained approximately 800 observations for center frequencies from 10 to 45 mHz, using 20 events with epicentral distances from 37" to 44".
We inverted the frequency-dependent 
an expression of the hor- ties are located at 406, 499, and 659 km. The model is radially anisotropic, with differing hori-8004 zontal (dashed 1ines)'andvertical (solid lines) velocities between M and L, and is isotropic elsewhere. The relativeS-wave and P-wave anisotropiesare comparable, averaging 3.3 5 0.5% and 3.7 5 1.5%, respectively, although the former is much better determined by the data than the latter. The model is identicalto PREM (4) below 860 km. travel times and ScS reflectivity observations for a path-averaged, radially anisotropic model for each of the two corridors by means of an iterative, linearized perturbation scheme in which the elastic parameters, density, and discontinuity depths were adjusted to minimize a XZ measure of misfit (14) . Our preferred Australia model (Fig. 2 and Table 1 ) achieved an 80% reduction in data variance relative to the isotropic starting model (Fig. 3, A through C) . It tinuity that represents only a mechanical change in structure with no accompanying change in composition or phase. We performed a number of inversions invoking a variety of prior constraints on the velocity distribution to test explicitly the hypotheses regarding the origin of L. The surface-and turning-wave data for the Australia corridor required significant radial anisotropy averaged over the upper 200 km of the mantle. Restricting the anisotropy to a thin (< 100 km) layer near a depth of 200 km, as in Fig. lA , resulted in models that did not satisfy the Love-Rayleigh discrepancy and SS splitting observations. On the other hand, the S and SS splitting data constrained the magnitude of the anisotropy below L to be small (<I%), and inversions that allowed anisotropy in the layer between L and the 410-km discontinuity yielded no significant improvement in the fit to the data relative to the preferred model of Fig. 2 . The Australian data are therefore consistent with the idea that L is the base of the anisotropic layer.
To discriminate between the hypotheses illustrated in Fig. 1 , B and C, we compared the shear-wave velocity structures derived for the Australian and Pacific corridors (Fig.  4A) . The shear-wave anisotropy of the latter is similar in magnitude to that of the former and extends below the Gutenberg discontinuity (G) into the oceanic LVZ, terminating at a weak discontinuity (unresolved by the ScS reverberation data) at a depth of 170 km (1 1 ). Below G, however, the mean shear velocities are lower in the oceanic case, and this difference persists to depths greater than 350 km. Attempts to satisfy both the Pacific and the Australia data sets with models having similar shear velocities below 250 km were unsuccessful. Global tomographic models ( 15) and other regional studies ( 16) have demonstrated that differences between old continents and old oceans of this magnitude and depth are a global feature, indicative of a thick tectos~here beneath most Precambrian continental shields and platforms (9, 17) . We infer that the average thickness of -the continental tectosphere beneath the Australia corridor is greater than 300 km, and we conclude that L is a transition internal to the tectosphere (Fig. 1B) rather than a boundary within an actively deforming asthenosphere beneath the continental plate (Fie. 1C).
, -,
This result implies that the anisotropy above L is frozen in an MBL, or lithosphere, that forms the cold upper part of the tectosphere. The anisotropy is most plausibly related to the lattice-preferred orientation of olivine, a highly anisotropic mineral known to dominate upper-mantle mineralogies (18). In the oceans, the fast axes of olivine grains tend to be horizontally aligned in the directions of the plate-scale flow associated with sea-floor spreading and are azimuthally coherent over large geographic distances. In the continents, however, the upper-mantle anisotropy appears to be inherited from major episodes of orogenic deformation ( 19). The superposition of many such episodes yields a fabric that varies on a much smaller geographical scale than the plate-tectonic flow field. In Australia, for example, lineaments in the gravity field associated with basement deformations have lateral scale lengths on the order of a few hundred kilometers (20). If this is the appropriate scale length for the decorrelation of the latticepreferred orientation within the uppermost mantle beneath Australia, then waves propagating over epicentral distances of 30" to 40" will-average out the azimuthal variations, and the path-averaged structure can be approximated by a transversely isotropic ef- fective medium. This inference is consistent with data from earthquakes in the Banda Sea to station CAN in southeast Australia (Fig.  4B ). Although these paths are orthogonal to those used in the inversion, we found that the Love-Rayleigh discrepancy and SS split- 
